REMARKS 



Claims 3, 13, 21-44, 46, 54-55, 58-60 and 241-247 were pending before entry of the 
present amendment. Claims 248-250 have been newly added. Support for newly added 
claims 248-250 can be found in the specification as originally filed at ^ 22, 240-241, 
Tllf 246-250 and in claims 4-12, respectively. No new matter has been introduced. Claims 3, 
13, 21-44, 46, 55, 58-60 and 241-250 will be pending upon entry of the present amendment. 

THE REJECTION FOR NONSTATUTORY OBVIOUSNESS-TYPE DOUBLE 
PATENTING SHOULD BE HELD IN ABEYANCE 

As this double patenting rejection is a provisional rejection. Applicants will not 
address this rejection at this time and request that the double patenting rejection be held in 
abeyance. 

THE REJECTION UNDER 35 U.S.C. S 102(b) SHOULD BE WITHDRAWN 

Claims 46, 54, 55 and 241-247 were rejected under 35 U.S.C. § 102(a) as being 
allegedly anticipated by Lu et al. (Joumal of Virology, 2002, 76(6):287 1-2880; "Lu"). Lu, 
however, is not available as prior art against the claimed invention. Lu describes Applicants' 
own work (M.P.E.P. 715.01(d)) as it was co-authored by Hong Jin, Bin Lu, and Xing Cheng, 
three of the four currently listed inventors. To support this contention. Applicants provide a 
Declaration Under 37 C.F.R. § 1.132 ("Declaration") as evidence that Lu is the publication of 
the inventors which occurred less than one year prior to the effective filing date of the present 
application. In re Katz, 687 F.2d 450, 215 U.S.P.Q. 14 (C.C.P.A. 1982). The Declaration is 
executed by the actual inventors. Applicants submit herewith a Request to Correct 
Inventorship under 37 C.F.R. § 1.48(a) to include the name of Robert Brazas as inventor of 
the claims in instant application and to remove the names of Xing Cheng and Helen Zhou 
who were erroneously listed as co-inventors. 

Since Lu is not available as prior art for any purpose under 35 U.S.C. § 102, 
Applicants request that Lu be withdrawn as prior art against the present application. 
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THE REJECTION UNDER 35 U.S.C, S 102(b) SHOULD BE WITHDRAWN 

Claims 46, 54, 55, 241, 242 and 247 were rejected under 35 U.S.C. § 102(b) as being 
allegedly anticipated by Marriott et al. (Journal of Virology, 1999, 73(6):5 162-5 165; 
"Marriott"). Applicants disagree as set forth in detail below. 

THE LEGAL STANDARD 

Anticipation requires that the same invention, including each element and limitation 
of the claims, was known or used by others before it was invented by the patentee. Hoover 
Group, Inc. v. Custom Metalcraft, Inc., 66 F. 3d 299, 302 (Fed. Cir. 1995). An anticipating 
reference must describe and enable the claimed invention, including all the claim limitations, 
with sufficient clarity and detail to establish that the subject matter already existed in the 
prior art and that its existence was recognized by persons of ordinary skill in the field of the 
invention. In re Spada, 91 1 F.2d 705 (Fed. Cir. 1990); Crown Operations International, Ltd. 
V. Solutia Inc., 289 F.3d 1367, 1375 (Fed. Cir. 2002). Thus, a single prior art reference must 
teach all the claim limitations. 

MARRIOTT DOES NOT TEACH ALL THE CLAIM LIMITATIONS 

The presently pending claims are directed to nucleic acids encoding the genome of a 
recombinant replicating respiratory syncytial viruses having an attenuated phenotype and in 
which the phosphoprotein comprises at least one mutated amino acid residue. 

Marriott describes experiments using an earlier identified allele of the P gene. This 
allele is encoded by the genome of the previously discovered mutant RSV /5N19 (Caravokyri 
et al., J. Gen. Virol. 1992, 73:865-873; Caravokyri et al.. Virus Genes 1992, 6:53-62). To 
identify the underlying mutation in /5N19, total RNA was purified from cells infected with 
either wild-type or mutant virus and used as a template for reverse transcription using P gene- 
specific primers (Caravokyri et ah, Virus Genes 1992, 6:53-62). Only the P gene mRNA was 
reverse-transcribed, amplified, and then sequenced. A mutation resulting in a glycine-to- 
serine substitution at position 172 ("G172S") was identified. 

Marriott tested the effect of the G172S substitution in the P protein in the so-called 
plasmid-driven minigenome RNA transcription-replication assay ("minigenome assay"). In 
Marriott's minigenome assay, the four proteins of the RSV replication complex, the N, P, L, 
and M2 proteins, were co-expressed in a host cell. Once expressed, the RSV replication 
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complex transcribed RNA from a construct that included two reporter genes, 
chloramphenicol acetyltransferase (CAT) and luciferase (LUC), flanked by untranscribed 
regions of the RSV genome ("pCAT-LUC")- The activity of the RSV replication complex 
was then monitored using the activity of CAT and LUC as read-out. Using this assay system, 
Marriott found that the G172S substitution in the P protein results in thermosensitivity of the 
replication complex. 

Marriott teaches four separate plasmids that contain the open reading frames 
("ORFs") of the RSV P protein, N protein, L protein, and M2 protein, respectively. Thus, 
Marriott does not disclose a nucleic acid encoding a viral genome, let alone an attenuated 
replicating virus. In contrast, the present claims are directed to an isolated nucleic acid 
encoding a replicating, attenuated RSV. 

In summary, Marriott does not disclose a nucleic acid encoding the genome of a 
replicating, attenuated virus with a mutation in the P-gene. Thus, Marriott fails to teach all 
the limitations of the rejected claim. Applicants therefore request that the rejection of claims 
46, 54, 55, 241, 242 and 247 under 35 U.S.C. § 102(b) should be withdrawn. 

THE REJECTION UNDER 35 U.S.C. 8 103(a) SHOULD BE WITHDRAWN 

Claims 243-246 were rejected under 35 U.S.C. § 103(a) as being obvious over 
Marriott et al. (Journal of Virology, 1999, "Marriott") in view of Khattar et al. (Journal of 
General Virology, 2001, "Khattar") and Girault (Encyclopedia of Molecular Biology, 1999, 
"Girault"). Applicants disagree as set forth in detail below. 

THE LEGAL STANDARD 

To establish a prima facie case of obviousness, three basic criteria must be met. First, 
there must be some suggestion or motivation, either in the prior art references themselves or 
in the knowledge generally available to one of ordinary skill in the art, to modify the 
reference or to combine reference teachings. Second, there must be a reasonable expectation 
of success. Third, the prior art reference (or references when combined) must teach or 
suggest all the claim limitations. (M.P.E.P. 2143). 
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MARRIOTT, KHATTAR, AND GIRAULT DO NOT TEACH ALL THE 
ELEMENTS OF THE CLAIMED INVENTION 

Both Marriott and Khattar employ minigenome systems to study different aspects of 
the RSV P protein. Neither Marriott or Khattar teaches a nucleic acid encoding a replicating, 
attenuated virus. Marriott describes separate plasmids containing the ORFs of P protein, N 
protein, L protein and M2 protein, respectively, but fails to describe a nucleic acid encoding a 
replicating RSV. Similarly, Khattar fails to teach a nucleic acid that encodes a replicating 
virus. Girault teaches the importance of protein phosphorylation in biological systems and 
fails to mention RSV. Therefore, neither Marriott, Khattar nor Girauh, alone or in 
combination, teach all the elements of the claimed invention. 

Thus, none of the prior art references alone or in combination teaches or suggests all 
the claim limitations of claims 243-246. Based on the arguments set forth above. Applicants 
request that the rejection of claims 243-246 under 35 U.S.C. § 103(a) should be withdrawn. 



Applicants request that the present submission be entered into the file of the present 
application. Please contact the undersigned representative for Applicants with any questions 
regarding the above. ^ 



CONCLUSION 



Date: 



February 4, 2008 




JONES DAY 

222 East 4 1st Street 

New York, New York 10017 

(212) 326-3939 



NYI-4061687vl 



-10- 



Journal of Genera! Virology (1992), 73, 865-873. Printed in Great Britain 



86S 



Assignment of mutant tsSl9 (complementation group £) of respiratory 
syncytial virus to the P protein gene 

Calliope Caravokyri, Allan J. Z^jac and Craig R. Pringle* 

Biological Sciences Department University of Warwick, Coventry CV4 7AL, U.K. 



The mutation responsible for the temperature-sensitive 
(ts) phenotype of mutant ts^\9 (complementation 
group E) of respiratory syncytial virus has been located 
to the P protein gene. Viral protein synthesis was 
completely restricted at 39 X, and the /sN19 P protein 
did not react with an anti-P monoclonal antibody 
(MAb) (3-5) at 33 'C. Reversion of temperature 
sensitivity restored reactivity with MAb 3-5. Nucleo- 
tide sequence determination and in vitro expression of 



cDNA clones of P mRNA derived from wild-type, 
tsH\9 and non-ts revertant-infected cells, revealed that 
temperature sensitivity and loss of reactivity with MAb 
3-5 were consequences of a Gly Ser amino acid 
change at position 172. A low polypeptide, which 
represented the C-terminal 93 amino acids of the P 
protein, was produced by internal initiation in the P 
open reading frame during in vitro translation, and a 
similar product was detected transiently in vivo. 



Introduction 

The genome of respiratory syncytial (RS) virus comprises 
10 genes ordered in a linear sequence from a 3'-terminal 
promoter with a single 68 nucleotide overlap of the end of 
the penultimate 22K protein gene and the start of the 5'- 
proximal L protein gene (Huang & Wertz, 1982; Collins 
& Wertz, 1983; Dickens €f a/., 1984; Collins a/., 1986, 
1987). Eight complementation groups of temperature- 
sensitive (ts) mutants have been described which are 
presumed to correspond to eight of these 10 transcrip- 
tional units (Wright et al, 1973; Gimenez & Pringle, 
1978; Pringle et a/., 1981). Assignment of these comple- 
mentation groups will assist analysis of gene function. 
Previously we have presented evidence for assignment of 
complementation groups B and D to the attachment (G) 
and matrix (M) protein genes respectively (Caravokyri & 
Pringle, 1991). Here we describe evidence for assignment 
of a third complementation group. 

Methods 

Viruses and cells. The A2 wild-type strain (subgroup A) was obtained 
originally from Dr R. M. Chanock. The origin of the RSN-2 wild-type 
strain (subgroup B) and mutant /5N19 has been described previously 
(Faulkner et aL, 1976). The mutant, wild-type and non-ts revertant 
viruses were propagated in BS-C-l cells maintained in the Glasgow 
modification of Eaglets medium supplemented with 2% foetal calf 
serum and antibiotics. Infectivity assays were carried out in CO2 
incubators. Radiolabelling experiments were carried out in small flasks 
totally immersed in a precision water bath. The permissive temperature 
was 33 X and the restrictive temperature 39 *C. Non-ls revertants 



were isolated by propagation of virus from the few plaques which 
appeared on rjNI9-inoculated plates after incubation for 5 to 7 days at 

39 ''C. 

Monoclonal {MAb) and polyclonal antibodies. The polyclonal bovine 
anti-RS virus serum was provided by Dr Geraldine Taylor (Institute of 
Animal Health, Complon, U.K.) and had been prepared by immuniza- 
tion of a gnotobiotic calf. The anti-P protein MAbs 8268, 9178 and 
9516, and the anti-N MAbs N2 and N7 were obtained from Dr C. 
Orvell (Karolinska Institute, Stockholm, Sweden), and the anti-P 
MAbs 3-5 and 4-14 from Dr Beatriz Gimenez (University of Aberdeen, 
U.K.). 

Radiolabelling, immunoprecipitation and SDS-PAGE. Standard 
methods were employed (Caravokyri &. Pringle, 1991). 

cDNA cloning and nucleotide sequencing. cDNA clones of P mRNA 
were produced by reverse transcription followed by polymerase chain 
reaction (PGR) amplification and were sequenced by the dideoxynu- 
cleotide chain termination method (Caravokyri & Pringle, 1991). 

In vitro protein synthesis. Total cytoplasmic RNA from infected or 
uninfected cells (up to 10 jig) or uncapped RNA transcripts produced in 
vitro (150 to 300 ng) were translated in a nuclease-treated rabbit 
reticulocyte lysate (NEN) as previously described (Caravokyri & 
Pringle. 1991, 1992). 



Results 

Viral protein synthesis 

Previously, cells infected by mutant ts^ 19 (RSN-2 
strain) were found to be negative for both intracellular 
and surface immunofluorescent staining (Pringle et al., 
1981), suggesting that the /5N19 defect was exhibited 
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Fig. I. Viral polypeptide synthesis by mutant ttNl9 and three non-ts revcrtants.(a) BS-C-1 cells were infected with wild-type RSN-2 
(lanes 1 and 2), mutant /jN19 (lanes 9 and 10) or three different non-ts revertant clones [R3/1 (lanes 3 and 4). R3/4 (lanes 5 and 6) and 
R3/6 (lanes 7 and 8)], Cells were incubated at 33 X (lanes 1, 3, 5, 7 and 9) and 39 *C (lanes 2, 4, 6, 8, 10 and 1 1). Infected and mock- 
infected (lane 1 1) cell monolayers were radiolabelled with [^^SJmethionine, lysed and immunoprecipitated with polyclonal antiserum. 
(b) Virus-specific polypeptides were resolved in 6 to 15% gradient gels. BS-C-1 cells were infected with mutant /jNl9 (lanes I and 2), 
non-ts revertant clones [as for (a) lanes 3 to 8] and wild-type RSN«2 (lanes 9 and 10). Released virus was recovered by polyethylene glycol 
precipitation and analysed similarly, (c) Released virus [wild-type RSN-2 (lanes I to 4), tsfi 19 (lanes S to 8) and R3/6 (lanes 9 to 1 2)] in 
the supematants of cells infected and labelled at 33 **€ was immunoprecipated with either polyclonal serum (lanes 1), or the anti-P 
MAbs 8268 (lanes 2), 9178 (lanes 3) or 3-S (lanes 4). Protein M, markers are shown in lane M; Ft, N, P and M proteins are indicated. 



early in infection. This result is confirmed by the 
experiment illustrated in Fig. 1. BS-C-1 cell cultures were 
infected with mutant /jN19, a non-ts revertant or wild- 
type virus, and incubated at permissive (33**C) or 
restrictive (39 ''C) temperatures and radiolabelled with 
[^^S]methioninc as described previously (Caravokyri & 
Pringle, 1991). No intracellular or virton-associated 
polypeptides could be detected in rjN19-infccted cul- 



tures incubated at 39 ""C (Fig. 1 a and 6, respectively). In 
contrast, non-ts revertants isolated from f5Nl9 stocks 
exhibited efficient viral protein synthesis at 39 X and 
their profiles were indistinguishable from that of the 
RSN-2 wild-type virus. 

The P protein of mutant tsN 1 9 did not react with anti- 
P MAb 3-5 after infection and radiolabelling at the 
permissive temperature of 33 ""C (Fig. i c). This negative 
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reaction has also been observed by Western blotting and 
by immunofluorescence (B. Gimenez, personal commun- 
ication). The tsN\9 P protein was found to react with all 
other anti-P MAbs tested (two of which are shown in 
Fig.lc), including MAbs representing the three B 
subgroup epitopes defined by Orvell et ai (1987). The P 
protein of revertant clone R3/6 (Fig. \c) and of another 
five independently isolated revertants (not shown) was 
immunoprecipitated by anti-P MAb 3-5. The simulta- 
neous reversion of the ts phenotype and restoration of 
reactivity of the P protein with MAb 3-5 in the non-ts 
revertants indicated that the P protein of mutant /jNi9 
was the site of its ts lesion. 

The intracellular stability at 39 X of the P protein of 
/5N19 presynthesized at 33 "'C was examined by pulse- 
radiolabelling at 33 X followed by a chase period at 
39 **C. Fig. 2 shows the negative profile of /sN 19-infected 
cultures incubated at 39 ""C immediately post-infection 
(lane I). However, when wN19-infected cells that had 
been maintained and labelled at 33 ""C were chased at 
39 ""C for up to 2 h, no decrease of the P protein band was 
observed. In another experiment BS-C-1 cells were 
infected with wild-type virus, mutant r^N19 or mutant 
f^N 1 which expresses a thermolabile M protein (Caravo- 
kyri & Pringle, 1991), and shifted up to 39 ""C after 24 h 
incubation at 33 X. The yields of infectious virus from 
the f5N19-infected cultures after 24 h at 39 °C were 
similar to those from wild-type virus-infected cultures, 
whereas the yields from r^Nl -infected cultures showed 
no enhancement over the yields obtained from replicate 
cultures maintained at 33 °C throughout (data not 
shown). These results established that the /jN19 protein 
presynthesized at 33 ^^C was not thermolabile and that it 
retained its functional activity at 39 X. 

Production and sequencing of P cDNA clones 

In order to identify the site of the f5N19 lesion at the 
nucleotide level, cDNA clones of the P mRNA were 
produced as described elsewhere (Caravokyri & Pringle, 
1992). Two different clones from each type of viral 
mRNA (i.e. wild-type, non-ts revertant or rsN19), 
representing the two opposite orientations of insertion 
into the plasmid multiple cloning site, were selected for 
sequence determination. The nucleotide differences 
found in each clone relative to the consensus RSN-2 
sequence (GenBank accession number M67450; Caravo- 
kyri & Pringle, 1992) are listed in Table 1. These 
differences could be artefacts of the in vitro synthetic 
process and/or due to variation in the original mRNA 
population. Indeed, the greater nucleotide variability 
seen in the two /jN19-derived clones, compared with the 
revertant clones which were derived from more recently 
plaque-purified virus, may indicate greater mRNA 
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Fig. 2. Intracellular stability of the /5N19 P protein. Replicate BS-C-1 
cell monolayers were infected with r5N19 and incubated at 33 ^'C or 
39 *C for 48 h, then pulse-labelled with(^*Slmethionine for 10 ntiin. One 
culture from each temperature was tysed and viral proteins were 
immunoprecipitated with polyclonal antiserum immediately after 
removal of the radiolabel (lanes 1, 39*^0 and lane 2, 33''C). The 
remaining cultures were similarly treated after further incubation in 
medium containing non-radioactive methionine for periods up to 120 
min (10, 20, 30, 45, 60 and 120 min; lanes 3 to 8, respectively). One set 
of cultures was shifted from 33 °C to 39 after pulse labelling (lanes 3 
to 8). Control cultures were maintained throughout at 33 (lane 10) or 
39 (lane 9). markers are shown in lane M. Pbrk is a breakdown 
product of the P protein. 



heterogeneity of the mutant stock. However, of the three 
or four substitutions identified in the two clones from 
mutant /5N19, only the G A substitution at position 
531 was common to both clones. Furthermore this 
substitution caused the only predicted amino acid change 
in one of the clones (N23), indicating that this is the site 
of the r5N19 mutation. 

In vitro synthesis of the P protein 

To confirm that the Gly Ser change (predicted from the 
sequence of the two mutant clones) correlated with the 
loss of the epitope defined by MAb 3-5, it was necessary 
to use this antibody for immunoprecipitation of P 
proteins expressed from the PCR-derived clones. There- 
fore the P cDN A clones were transcribed in vitro and the 
P mRNA-sense transcripts were used to programme 
protein synthesis in the rabbit reticulocyte lysate system. 
Both the /5N19-derived cDNA clones produced a P- 
specific protein which comigrated with the in vitro 
translated tsN\9 P protein (Fig. 3). Also both the P 
proteins from revertant clone R34 (He Val) and the 
mutant clone N23 (Gly Ser) were immunoprecipitated 
with anti-P MAb 8268. However, in contrast to the R34 
P protein, the N23 P protein which contained the single 
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Table 1. Nucleotide differences of individual P cDNA clones 
and predicted changes in their respective proteins 



Nucleotide Amino acid 



cDNA 


Virus 










clone 


origin 


Position 


Substitution 


Position 


Substitution 


N19 




297 




94 


Scr-^ly 






318 


T-»C 


101 


None 






531 


G-*A 


172 


Gly-»Ser 






592 


T-<: 


192 


Leu->Ser 


N23 


rjN19 


473 


A-G 


152 


None 






531 


G-A 


172 


Gly-*Ser 






647 


C-G 


270 


None 


R29 


Xs* R3/6 
(non-ts 
revertant 
of r5N19) 


224 


T-C 


69 


None 


R34 


ts+ R3/6 
(non-ts 
revertant 
of teN19) 


513 


A-<i 


166 


Ilc-^Val 



Gly Ser change did not react with MAb 3-5 
(data not shown). Therefore, the Gly Ser change at 
position 172 in the P protein of clone N23 seems to 
be solely responsible for the negative reaction to 
anti-P MAb 3-5. Since the same phenotype was observed 
in vivo, and recovery of the 3-5 epitope was coordinate 
with restoration of the non-ts phenotype in the rever- 
tants, the Gly Ser change at amino acid position 172 
of the P protein is the likely site of the ts lesion in 
mutant 




Fig. 3. In vitro translation of RNA from virus-infected cells and of 
transcripts from P cDN A clones. Translation products were immuno- 
precipitated with anti-P MAb 8628 (a and b, lane 1) or polyclonal anti- 
RS virus serum (h, lane 2) and analysed by SDS-PAGE. In (a), the 
profiles are from in vitro translated P transcripts of the two tsNl9- 
derived cDNA clones N23 (lane 1) and N19 (lane 2), and from RNA 
isolated from fjNl9-infectcd cells (lane 3); lane M contained Af, 
protein markers. Pint is the internally initiated product from the P 
ORF. In (b) both lanes contain w vitro translated RS vims proteins from 
/5N19-infectcd cell RNA. The bars between panels indicate corre- 
sponding products possibly originating by proteolytic breakdown, and 
the bands marked X are host cell-derived. 



Internal initiation of translation in the P open reading 
frame {ORF) 

Among the in vitro translation products of RNA 
transcripts produced from the P cDNA clones, a low 
band of approximately 15K to 16K was invariably 
detected. Although additional (fainter) bands in the 
profiles could be correlated with similar bands present in 
in vitro translations of P mRNA from infected cells 
(probably reflecting some proteolytic degradation), only 
trace amounts of this low band could be detected by in 
vitro translation of P mRNA synthesized in vivo (Fig. 3). 
This small polypeptide designated Pint was also trans- 
lated from RNA produced by T7 in vitro transcription of 
a truncated A2 strain P cDN A insert in a different vector 
(pTZl9; Pharmacia). This cDNA clone (obtained from 
Dr G. Wertz) contained the full 3' non-coding P mRNA 
region, but was lacking the first 231 nucleotides of the P 
mRNA, including the coding sequence for the N- 
terminal 72 amino acids. The pTZ19/A2-P clone which 
produced P mRNA-sense transcripts from the T7 
promoter could also be translated in vitro into the 



products shown in Fig. 4a, despite the absence of the 
authentic P start codon. As shown in Fig. 4(6) the 
initiator AUG is provided by the Sphl site upstream 
from the Pstl site of insertion. The resulting polypeptide 
is 171 amino acids in length (predicted of 19-3K) and 
contains two amino acid differences from the authentic P 
protein. Two major P-specific bands (recognized by 
polyclonal serum and anti-P MAb 3-5; Fig. 4<i), with 
apparent mobilities of 21K and 23K, were observed. 
These probably represent the N-terminally truncated 
forms of the P protein of the A2 wild-type, which 
migrates as a doublet band (Fig. 5a and c). Two faster 
migrating, fainter bands (possibly proteolytic fragments) 
are also present in both the polyclonal and anti-P. MAb 
profiles (indicated by arrows); however, the abundant 
low A/r polypeptide was not immunoprecipitated by anti- 
P MAb 3-5. A fainter band of similar mobility to the low 
Mr polypeptide can be observed also in the A2 strain 
profile, suggesting that this product is not an artefact of 
the in vitro expression of the P protein from cloned 
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AAGCTTGC ATGCCT^GCAGGGAACAAG 
Met Pro Ala Gly Asn Lys 
(Asp){Thr)(73)(74) (75) (76) 



Fig. 4. In vitro synthesis of an N-tcrminally truncated form of the P 
protein, {a) The in vitro translation products of cytoplasmic RNA 
synthesized in mock-infected cells (lane IX A2 wild-type>infected cells 
Oane 2), and of the transcripts synthesized in vitro from recombinant 
vectors pTZ 1 8/P ( - sense; lanes 4 and 5) and pT2 1 9/P ( + sense ; lanes 
3 and 6). Recombinant plasmid pTZi8/P produces T7 transcripts of the 
truncated P cDNA in the antisense orientation. The translation 
products were immunoprecipitated with polyclonal antiserum (lanes 1 
to 4) or MAb 3-5 (lanes 5 and 6). The N-terminally truncated form of 
the A2 strain doublet is indicated [(A50PJ. Pint is the internally 
initialed product from the P ORF. (b) The sequence at the site of 
ligation of the 5'-end of the truncated P cDNA clone with the Pstl site 
of plasmid pTZI9. (The truncated clone contains two terminal Fsil 
sites; the 5' site is internal in the P cDNA sequence at residue 232.) In 
vitro transcription of the recombinant plasmid pTZ19/P from the 
adjacent T7 promoter produced P mRN A sense transcripts (having the 
same sequence shown here as DNA). The in-frame start codon is 



cDNA. The P specificity of this product was also 
confirmed by its immunoprecipitation by anti-P MAb 
8268 (Fig. 5 a). Venkatesan et ai (1984) also observed a 
similar (about 16K) band by in vitro translation of P 
cDNA hybrid-selected mRNA from infected cells that 
also translated the P protein. 

The size and relative abundance of this product 
suggested either that significant proteolytic cleavage 
occurred at a specific site of the P protein in the absence 
of other viral proteins, or that translation from an 
internal start codon occurred in the same ORF as that of 
the P protein, since this product reacted with anti-P 
MAb 8268 (Fig. 5a). 

The first in-frame AUG codon in the A2 strain P 
protein sequence (downstream of the initiating methion- 
ine in both the A2 and RSN-2 P proteins) is located at 
position 148 and surrounded by the sequence 
GGAAUGC, which contains a purine (G) at the -3 
position. Presence of a purine in this position is 
considered to provide a favourable context for transla- 
tional initiation (Kozak, 1986^>, 1989a). To test the 
possibility of internal initiation at this site, a S'Bcll-Pstl 
y fragment of the A2 P clone (which contained only the 
AUG 148 as the first start codon approximately 80 bp 
from the 5' end) was subcloned into the transcription 
vector pGEMl (Promega; Fig. 56). Fig. 5 (c) shows 
that the translation product of T7 RNA transcripts from 
the subcloned P fragment comigrated with the abundant 
low Aff protein product of RNAs from the larger A2 P 
clone, suggesting that this polypeptide was produced by 
initiation of translation at AUG 148 rather than by 
proteolytic breakdown. 

Since a number of experimental conditions (e.g. 
absence of a 5' cap, RNA degradation) can contribute to 
in vitro internal initiation of translation, synthesis of the 
Pint product was also investigated in vivo, by pulse-chase 
labelling of wild-type A2-infected cells and immunopre- 
cipitation with anti-P MAb 8268. As shown in Fig. 6(6), 
a 16K band was detected during the 5 min pulse which 
disappeared during the 20 min chase period. In a similar 
experiment with strain RSN-2 (not shown), this low 
band had the characteristically slower electrophoretic 
mobility noticed previously for the Pint product of this 
strain (Caravokyri & Pringle, 1992). These data suggest 
that as in some other negative-strand RNA viruses 
internal initiation of translation also occurs in the P 
mRNA of RS virus. 



provided by the sequence of the immediately upstxeam Sphl restriction 
site. The numbers in parentheses denote amino acid positions in the 
intact A2 strain P protein. Residues 71 and 72 are replaced by Met a«*d 
Pro in the truncated protein. 
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Fig. 5. Internal initiation in the A2 strain P ORF. (a) Jn vitro translation products of cytoplasmic RN A extracted from A2-infected cells 
(lanes 2, 5, 7 and 9), or m vitro synthesized RNA transcripts of the 5' end truncated p cDNA clone Oanes I, 3» 4, 6 and S) were 
immunoprecipitated with polyclonal anti-RS virus serum (lanes 1 and 2) or anti-P M Abs 3-5 (lane 3), 8268 (lanes 4 and 5) and 9516 
(lanes 6 and 7), or the anti-N MAb N2 (lanes 8 and 9). and analysed by 12-5% SDS-P AGE. The arrow indicates the position of the low 
polypeptide which reacts with MAb 8268. markers are shown (lane M). (6) A fragment of the P cDN A clone, containing an AUG 
codon approximately 80 bp from its 5' end (residue 1 48 of the complete P protein), was subcloned into the multiple cloning site (MCS) of 
vector pGEMl which is flanked by the SP6 and T7 promoters (the arrows indicate the direction of transcription). The MCS region 
between the Pstl and BamHl sites replaced by the cDN A insert in the recombinant plasmid is shown as a dashed line. The position of 
the internal AUG is marked by the arrowhead on the P mRNA sense T7 transcript, (c) In vitro translation products obtained from 
recombinant plasmid pTZ19/P Oanes 1 to 3), and from plasmid pGEMl/P(Bcl) by T7 transcription Oane 4) and by SP6 transcription 
(lane 5). The polypeptides were immunoprecipitated with anti-RS virus polyclonal serum and analysed by 1 5% SDS-PAGE. The arrow 
indicates the polypeptide translated from the internal AUG. Af^ markers are shown (lane M). 



Discussion 

Initially mutant f5N19 was associated with a P protein 
defect on the basis of coordinate reversion of the ts 
phenotype and restoration of a P protein epitope 
recognized by MAb 3-S. Nucleotide sequencing of the 
mutant and a non-ts revertant has shown that this 
phenotype is the result of a Gly Ser replacement in the 



predicted polypeptide sequence. Complementation 
group E, therefore, corresponds to the P gene of RS virus. 
Previously, complementation groups B and D have been 
assigned to the G and M genes respectively (Caravokyri 
& Pringle, 1991). 

The paramyxovirus P and the rhabdovirus NS 
phosphoproteins are known to be essential components 
of the viral RNA polymerase complex (Emerson & Yu, 
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Fig. 6. Internal initiation of translation in the A2 P mRNA in vivo. 
Replicate monolayers of BS-C-1 cells, infected with RS virus strain A2 
incubated at 33 X for 48 h, then pulse-labelled with [^^S]methionine 
for 5 min. One culture was lysed and immunoprecipitated with anti-P 
MAb 8268 at the end of the pulse (lane 0). The remaining cultures were 
similarly treated after the chase periods indicated (min). Po is the 
unphosphorylated form of the P protein (Cash, 1978), Pbrk is a 
breakdown product of the P protein, and Pint is the internal initiation 
product. Lane M contains protein Af, markers. 



1975; Hamaguchi et ai., 1983; De & Banerjee, 1985; 
Deshpande & Portner, 1985). Consequently, ts lesions in 
these proteins have profound effects on viral mRNA 
synthesis at the restrictive temperature (Evans et al., 
1979; Peeples et al, 1982), Early growth restriction of 
/tN19, as indicated by the absence of detectable protein 
synthesis at 39 ''C, may reflect absence of synthesis of 
mRNA species. 

Since the P protein of /5N19 presynthesized at 33 **C 
was stable at 39 "C, the negative phenotype at the 
restrictive temperature may be mediated by an effect on 
the functional configuration of the P protein. Direct 
reversion to the wild-type residue in revertant R3/6 
suggests that the presence of glycine at position 1 72 may 



be essential for the structural and/or functional integrity 
of the P protein. 

The Gly Ser change which abolishes reactivity with 
MAb 3-5 is located within the Pint region, but the Pint 
product was not immunoprecipitated by this MAb, In 
conjunction with the positive reaction of MAb 3-5 with 
the N-terminally truncated A2 P protein (A5'-A2) this 
observation indicates that residues and/or correct folding 
in both the middle and C-terminal thirds of the protein 
are required for MAb binding. Therefore the 3-5 epitope 
may be discontinuous. Although MAb 3-5 has the ability 
to react with the P protein on Western blots, a property 
often associated with recognition of denaturation- 
resistant (i.e conformation-independent) antigenic deter- 
minants (reviewed by Lenstra et aL, 1990), the P protein 
of non-segmented negative-strand RNA viruses is 
thought to bind poorly to SDS due to electrostatic 
repulsion by its acidic and phosphate groups (Gallione et 
a/., 1981 ; Mamell & Summers, 1984). It is possible that 
binding of MAb 3-5 to P protein on Western blots is due 
to the inability of SDS to disrupt the conformation of the 
P protein effectively and/or the ability of partially 
denatured P protein to refold after boiling in SDS and 
transfer to a nitrocellulose membrane in the absence of 
detergent (Dunn, 1986). 

Internal initiation of in vitro translation has been 
detected frequently in the rabbit reticulocyte lysate 
system, with frequencies depending on reaction condi- 
tions and RNA integrity (Gupta & Kingsbury, 1985; 
Dasso & Jackson, 1989; Kozak, 1989a, b). The internal 
initiation product (Pint) identified here was translated 
more efficiently in the absence of an upstream AUG or 
in the presence of a preceding AUG in an unfavourable 
context for initiation, and less efficiently in the presence 
of the authentic P mRNA start codon which lies in the 
optimal context for initiation according to the rules of the 
leaky scanning model (Kozak, 1986a, b). 

As both the in vitro produced P transcripts and P 
mRNA molecules isolated from infected cells contain the 
same optimal P start codon, the observed difference in 
efficiency of internal initiation betweeen the two kinds 
of transcripts (Fig. 3) could be a consequence of their 
different structures. Although reticulocyte lysate ribo- 
somes exhibit relatively cap-independent binding to 5' 
RNA termini (Lodish & Rose, 1977; Kozak, 1989 a, b), 
a property reflected here by the ability to translate the in 
vitro synthesized uncapped P RNA transcripts, the 
simultaneous presence of the 5' cap and 5' proximal 
AUG codons in mRNA molecules produced in vivo 
would probably have increased the efficiency of initia- 
tion at this first AUG triplet (Kozak, 1980; Dasso & 
Jackson, 1989). It is also possible that the absence of the 
3' non-coding region from the in vitro transcripts affects 
secondary RNA structure, a factor contributing to the 
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selection of translational initiation sites (Shioda et aL, 
1986; Kozak, 1986c, 1989a, c; Alkhatib et al„ 1988). 
Although any or all of the above factors may contribute 
to an enhanced frequency of m vitro internal initiation, 
the immunoprecipitation of the Pint polypeptide from 
infected cells indicates that internal initiation from the 
3'-proximaI AUG 148 does take place in vivo (with 
approximately the same efficiency as observed with in 
vitro translated viral mRNA; Fig. 4fl, lane 2). In both 
Sendai virus and vesicular stomatitis virus internal 
initiation at a 3'-proximal AUG codon in the phospho- 
protein mRNA leads to synthesis of the X and 7K 
proteins, respectively (Curran & Kolakofsky, 1987, 
1988a, b\ Vidal et a/., 1988; Herman, 1986, 1987). Both 
polypeptides also represent the C-terminal regions of the 
respective phosphoproteins and have been detected in 
small amounts in vivo, although their functional roles 
remain unknown. The RS virus Pint product, consisting 
mainly of the acidic domains of the P protein, may play a 
role in infection by interacting with the basic N and/or 
22K proteins. 

We are indebted to Dr Gail Weitz for provision of the truncated P 
cDNA clone, and to Dr Beatriz Gimenez for generous cooperation and 
provision of reagents. This work was supported by MRC Programme 
Grant no. PG8322715. the WHO Vaccine Development Programme, 
and by a scholarship to C.C. from the Greek 'A. S. Onassis* Public 
Benefit Foundation. 
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Abstract 

A consensus sequence for the P protein gene of the RSN-2 strain of respiratory 
syncytial (RS) virus was obtained by PCR amplification of cDNA obtained by 
reverse transcription. This established that the extent of sequence variation be- 
tween two P genes of strains of antigenic subtype B is similar to that among A 
strains, confirming the conservation of P genes within subtypes and the diver- 
gence of the two antigenic subtypes of RS virus. 

The P protein of RS virus exhibits anomalous electrophoretic mobility with re- 
spect to its molecular weight. In vitro transcription and translation of RSN-2 
strain cDNA possessing single point mutations revealed that substitutions involv- 
ing charged amino acids in the carboxy-terminal region had a marked effect on 
the electrophoretic mobility of the P protein. 



Introduction 

Respiratory syncytial virus is a member of the genus Pneumovirus of the family 
Paramyxoviridae and is the most important cause of respiratory illness during 
human infancy. Two antigenic subtypes are recognized on the basis of reactivity 

The RSN-2 strain P gene consensus sequence has been assigned the GenBank accession number 
M67450. 
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with certain antt-P protein (1) and anti-G protein (2) monoclonal antibodies. Nu* 
cleotide sequencing of the genome of a B subtype strain (I8S37) has confirmed 
the reality of the two subtypes (3-7). We report here the nucleotide sequence of 
the P protein gene of a second subtype B strain (RSN-2), which establishes the 
conservation of the P gene within subtypes and further emphasizes the divergence 
of the subtypes. 

The P protein of RS virus is a core phosphoprotein, which, in common with the 
P proteins of other paramyxoviruses and rhabdoviruses, exhibits an anomalous 
electrophoretic mobility in relation to its molecular weight. In the case of the NS 
phosphoprotein of vesicular stomatitis virus (VSV), the highly negatively charged 
N-terminal domain is thought to hinder proportional SDS-binding, causing the 
aberrant (slower) migration of the protein in SDS-PAGE (8,9). 

In vitro transcription and translation of variant cDNAs, generated during re- 
verse transcription and PGR amplification, could provide an alternative approach 
to the analysis of epitopes and protein function in nonsegmented genome 
negative-strand RNA viruses, where conventional site-directed mutagenesis is 
not yet generally available. 

Methods 

Viruses arid cell cultures 

The RSN-2 wild-type strain of RS virus and its temperature-sensitive mutants 
(10,11) were propagated in BS-C-1 cell monolayers maintained by standard meth- 
ods (12). 

Production and sequencing ofcDNA clones 

cDNA clones of P mRN A from RS virus-infected cells were prepared by reverse 
transcription and amplification by the polymerase chain reaction (PGR). Both 
reactions were performed sequentially in the same reaction mixture (13) using 40 
amplification cycles, each cycle consisting of 2 min at 94''G, 2 min at 55**C, and 
5 min at 72**G. Total cytoplasmic RNA from cells infected with either wild type, 
two complementing ts mutants, or a non-ts revertant of one was used as a tem- 
plate for hybridization with P gene-specific primers. The primers (Fig. 1) con- 
tained terminal restriction sites to facilitate subsequent cloning, and P mRNA 
sequences homologous with the terminal regions of the P mRNA of the 18537 
strain (7). The 5'-end specific primer comprised mostly noncoding nucleotides 
and was expected to be specific for the P mRNA of the RSN-2 strain, because 
this region and the mRNA start signal are almost exactly conserved between the 
two subtypes of RS virus. The 3' noncoding region is less conserved (7,14,15); 
therefore, the 3 '-end primer was designed to be complementary to the more con- 
served 3 '-terminal coding region. 
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5 end-primer 

Smo I 

5-GGATCCCGGGGCAAATAAGTCAACATGGAG-3 

S ^GGGCA AAU| a AGUCAAC AUGGAG-3' (PmRNA) 

mRNAstarl Met GIu 

3end-primef 

5-CAGCTGATCAAAAATCATCAAGTGATAGATC-3 

3-UAGUUUUUAGUAGUUCACUAUCUAG-5 (P mRNA) 

END Phe Asp Asp Leu Ser Leu Asp 

Fig, L Oligonucleotide primers. The sequences of the oligonucleotide PCR primers used to obtain 
P-specific cDNA are aligned with the sequences of the relevant regions of the P mRNA of strain 
18S37. The boxed nucleotides represent the conserved RS virus mRNA start signal. The nucleotides 
added to the 5' ends of the primers to create terminal restriction sites in the P cDNA are shown in 
bold letters. 



The specificity of the PCR products was assessed by restriction enzyme map- 
ping of recombinant plasmid DNA, following their treatment with Klenow poly- 
merase and ligation into the unique Smal site of the Bluescribe plasmid vector 
(Stratagene). The full-length P cDNA clones and internal fragments were sub- 
cloned into the mpl8 and mpl9 M13 vectors (16) for nucleotide sequencing from 
opposite strands by the dideoxy chain-termination method (17), using the **ex- 
tended DNA sequencing*' protocol suggested by the reagent supplier (BRL). 



In vitro transcription and in vitro translation 

Viral cDN A clones were transcribed in vitro from adjacent bacteriophage promot- 
ers according to the method of Melton et al. (18). Quantitation of yields was 
carried out spectrophotometrically, and suitable amounts of the RNA prepara- 
tions were used for in vitro translation. In vitro-produced uncapped RNA tran- 
scripts (150-300 ng) were translated in a nuclease-treated rabbit reticulocyte ly- 
sate (NEN). Each 25 \i\ reaction contained 2 \l\ of the RNA sample (in 
double-distilled, sterile water), 13 [i\ **premix" prepared according to the manu- 
facturer's instructions, and 10 |jil reticulocyte lysate. Incubation was at 30°C for 
2 hr, after which 25 jtl of 3x SDS-PAGE sample buffer were added prior to 
storage at -TO^'C. For immunoprecipitation, samples were diluted with 150 fil 
ice-cold buffer (19) containing 2 mM PMSF and 1.2 units aprotinin (Sigma) per 
ml. The samples were boiled in SDS-PAGE buffer for 2-3 min and clarified before 
electrophoresis. SDS-PAGE, fluorography, and autoradiography were carried out 
by standard procedures (12). 
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Results 

The nucleotide sequence of the P gene of the RSN-l strain ofRS virus 

A consensus sequence for the P-gene cDNA-coding region of the RSN-2 strain 
of RS virus was compiled from sequence data of seven different PCR-derived 
clones. This sequence is presented in Fig. 2 as the 5' 3'-orientated mRNA (in 
alignment with the equivalent region of the 18537 P mRNA). The RSN-2 sequence 
possesses a novel Hindlll restriction site, which is not present in the P-gene 
nucleotide sequences of the A2 (3), Edinburgh (14), and Long (15) strains, which 
are classified in antigenic subtype A, or the 18537 (7) strain of subtype B. 

The nucleotide difference creating the Hindlll site produces one of the three 
amino-acid changes distinguishing the RSN-2 and 18537 strains (Fig. 2). The high 
level of amino-acid identity between these two subtype B strains, isolated 10 
years apart, reflects the high conservation of the P protein of RS virus and is 
commensurate with the extent of variation among subtype A strains (Table 1). 
Comparison of the five P-gene coding regions shows that the P proteins are less 
well conserved between subtypes, and that there is relatively more intersubtype 
variation at the nucleotide level. 



Sequence variation in PCR-derived clones 

Seven different P cDNA clones, one derived from P mRNA of mutant tsNl and 
two (representing opposite orientations of insertion into the vector) from wild- 
type virus, mutant tsN19, and a non-ts revertant, were sequenced and a consen- 
sus sequence for the P cDNA coding region of the RSN-2 strain was compiled. 
Each of the seven independently derived P gene cDNA clones, including pairs 
derived from the same mRNA preparation, exhibited differences from the consen- 
sus sequence (Table 2). Despite this heterogeneity, some conclusions are pos- 
sible. 

A single nucleotide difference causing an amino acid change (Asn Asp at 
position 217) was identified in the clone derived from mRNA from cells infected 
with mutant tsNl of complementation group D. This mutant is characterized by 
a P protein with an aberrant electrophoretic mobility, which is unrelated to its 
temperature-sensitive phenotype. It is likely that this mutation is responsible for 
the change in electrophoretic mobility (see below). 

Although several nucleotide differences occur in the two clones derived from 
mRNA from cells infected with mutant tsN19 (complementation group E), the 
nucleotide difference causing a Gly ^ Ser change at position 172 was common 
to both clones, suggesting that this difference is associated with the temperature- 
sensitive phenotype of this mutant. This was confirmed by immunoprecipitation 
and characterization of polypeptides produced by in vitro transcription/transla- 
tion (manuscript in preparation). 
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1 GOGGCJMUI^ RSN-2 

Asp * 
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61 
61 



ACAAAGCUACCAAAUUCCUMAADCAAUJUUiGGGCAACUUOGCAUCAUCCMMGAUCCUA 
ACAAACCaACCAAAUUCCaACAAUCAAUAAAGGGCAACUUUGCAUCAUCCAAAGADCCUA 



16S37 



121 
121 



AGAAGAAAGAUAGCAUAAUAUCUGUUAACUCAAUAGAUAUAGAACUAACUAAACAGAGCC 
AGAAGAAAGAUAGCACJAAUAUCUGUUAACUCAAUAGAUAUAGAAGUAACUAAAGAGAGCC 



RSN-2 
18537 



181 OOAOAACAUCUGGCACCAACAUCAUCAAUCCAAUAAGUGAAGCUGAUAGUACCCCAGAAG RSN-2 

181 OCAUAACAUCUGGCACCAACAUCAUCAAUCCAAUAAGUGAAGCUGAUAGUACCCCAGAAG 18537 

Val 

241 CCAAAGCCAACUACCCAACAAAACCCCUAG UAACCtlUC AAAGAACAUCUCACCCCAACOG R5N-2 

241 CUAAAGCGAACUACCCAACAAAACCCCUAGAUAGCUUdMGAAGAUCUCACCXCM^ 18537 
* Asp 

301 ACAACCOCUUUUCUAAGUUGUACAAAGAAACAAUAGAAACAUUUGAUAACAAUGAAGAAC RSN-2 

301 ACAACCCCUUUUCUAAGUUGUACAAAGAAACAAUAGAAACAUUUGAUAACAAUGAAGAAG 18537 



361 AAUCUACCUACUCAUAUGAAGAAAUAAAUGAUCAAACAAAUGACAACAUUACACCAAGAC RSN-2 

361 AAUCUAGCUACUCAUAtXSAACAAAUAAAUGAUCAAACAAAUGACAACAUUACAGCAAGAC 18537 

Met(148) 

42 1 UAGAUAGAAUUGAUGAAAAAUUAAGUGAAAUAUUAGGAAOOCUCCAUACAVUAGUAGUUG RSN-2 

421 UAGAUAGAAOUGAUGAAAAAUUAACUGAAAUAUUAGGAAUOCUCCAUACAUUAGaAGUUO 18537 



481 
481 



CAAGUGCAGGACOCACCUCAGCUOGCCAUGGAAUAAGAGAUGCUAUGCUUGGUCUAAGAG 



RSN-2 
18537 



541 
541 



AACAAAUGAUACAAAAAAUAAGAGCGGAACCAUUAAUGACCAAUGAUAGGUUAGAGGCUA 
AAGAAAUGAUAGAAAAAAUAAGAGCGGAAGCAUUAAUGACCAAUGAaAGGUUAGAGGCUA 



RSN-2 
18537 



601 
601 



661 
661 



UGGCAAGACUUAGGAAUGAGGAAAGCGAAAAAAUGGCAAAAGACACCUCAGAOGAAGUCU 

7 Asp V 

CUCUUAAUCCAACUUCCAAAAAAUUGAGUGACUUGUUGGAAGACAACGAUAGUGACAAUG^ 
CUCUUAADCCAACUUCCAAAAAAUUGAGUAAUUUGUUGGAAGACAACGAUAGUGACAAUC' 

Asn 



RSN-2 
18537 



RSN-2 
18537 



721 
721 



AUCUAOCACtiyGAOCA l JUUU 
iwCUAUCACUUGADGAUUUU 



740 
740 



RSN-2 
18637 



Fig, 2. Comparison of the nucleotide sequences of the coding region of the P niRNA of RS vims 
subtype B strains RSN-2 and 18537. The positions where nucleotide substitutions produce amino^acid 
differences are indicated. Additional silent nucleotide differences are indicated by asterisks. Also 
shown are the positions of the initiating methionine of the P ORF [Met(l)] and of the methionine 
residue used for internal initiation of translation [met(148)] during cell-free protein synthesis. The 
single-underlined 5' and 3' terminal sequences indicate the parts of the P sequence contained in the 
oligonucleotide primers. The double-underlined sequence is the unique Hindlll restriction site. The 
arrowheads indicate the sites of A G substitutions in clones C15 and W6 that produce changes in 
the electrophoretic mobility of the P protein. 
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Table /. Comparison of PmRNA and protein sequences of RS virus strains of antigenic 
subtypes A and B 

Subtype A B 



Strain (origin) 


A2 Long 


Edinburgh 


18537 


RSN-2 


A2 


— 97.2 


97.5 


85.5 


85.7 


(Melbourne, 1961) 


(98.3) 


(99.2) 


(90.4) 


(90) 


Long 




97.4 


85.0 


84.7 


(Baltimore, 1956) 




(98.3) 


(89.6) 


(89.2) 


Edinburgh 






85.5 


85.7 


(Edinburgh, 1977) 






(90.9) 


(90.5) 


18537 








98.8 


(Washington, 1962) 








(98.8) 


RSN-2 











(Newcastle, 1972) 



The upper figures are the percent of nucleotide identities (excluding noncoding regions), and the lower 
figures in brackets are the percent of inferred amino-acid identities. 



Table 2. Nucleotide differences of individual PcDNA clones and predicted changes in the 
respective proteins 



Number of nucleotide 

Clone differences Amino-acid change 



W6 1 Asp Gly (233)» 

R34 t lie Val (166) 

C15 1 Asn Asp (217) 

N23 3 Gly Ser (172) 

N19 4 Ser ~> Gly (94) 

Gly ^ Ser (172) 
Leu -♦Ser (192) 



'Numbers in parentheses indicate the amino-acid position in the P polypeptide. 



The Other nucleotide differences were presumed to be a consequence, either 
of the error-prone reactions (reverse transcription and PCR amplification) that 
are part of the in vitro synthetic process, or the heterogeneity of the original 
mRNA preparations due to the lack of proofreading activity of the viral RNA- 
dependent RNA polymerase of negative-strand RNA viruses (20). This is likely 
to be the case for a T C substitution at position 318 of clone Nt9, which is 
silent, although it occurs at a first codon position (TTG CTG, both codons for 
Leu). These fortuitous changes, whatever their origin, provided an opportunity to 
assess the effect of mutations on a specific property (in this case, electrophoretic 
mobility) of the P protein of a negative-strand RNA virus that is not amenable to 
direct study by site-directed mutagenesis. 
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In vitro expression of P-gene cDNA clones 

The P protein of mutant tsN 1 (and its non-ts revertants) has a slower electropho- 
retic mobility than the wild-type protein, both in vivo (11) and in vitro (Fig. 3A). 
To verify that the Asn Asp change at position 217 was responsible for the 
atypical electrophoretic mobility of mutant tsN 1 , P gene specific RNA transcripts 
were produced in vitro from the tsNl-derived clone C15 and used to program 
cell-free protein synthesis. Figure 3A shows that the P protein obtained by in 
vitro transcription/translation comigrated with the P protein obtained by in vitro 
translation of tsNl -infected cell RNA, and both showed the characteristic mobil- 
ity difference from the wild-type P protein (represented by clone N23 from tsN19 
in Fig. 3A). 

A substitution involving another acidic residue was observed in the sequence 
of the wild-type clone W6 (Fig. 2). This amino acid change was probably due to 
an in vitro polymerase error, since it produced an electrophoretically variant form 
of the wild-type P protein (Fig. 3B). The increased electrophoretic mobility of 
the W6 P protein correlated with loss of an acidic Asp residue and its replacement 
by an uncharged Gly residue, i.e., the reverse of the tsNl situation. 



A 

.v^■^1 C*o 




Fig, 3. In vitro translation of the P protein from in-vitro synthesized transcripts of P cDNA clones. 
In panel A, translation products were immunoprecipitated with polyclonal anti-RS virus serum. Lane 
tsNl contained in vitro translated polypeptides from cytoplasmic RNA isolated from tsNl -infected 
fiS-C-1 cells. In panel B, translation products were immunoprecipitated with anti*P monoclonal anti- 
body 8268. The bands are the internally initiated translation products from AUG 148 in the P ORF 
and exhibit the same relative mobility shifts as the corresponding P proteins. 
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The same relative mobility shifts are apparent in the bands labeled Pj^t in Fig. 
3B. Pint represents the C-terminal 94 amino acids of the P protein and is produced 
in vitro as a result of internal initiation of translation from methionine residue 
148 of the 241 amino-acid P protein (manuscript in preparation). It can be con- 
cluded from these observations that addition of an Asp in place of an uncharged 
residue in the carboxy-terminai region retarded the migration of the P protein, 
whereas replacement of Asp by an uncharged residue in the same region increased 
electrophoretic mobility. 



Secondary structure predictions 

The secondary structures of the relevant regions of the wild type and the two 
mobility variants, as predicted by the algorithm of Chou and Fasman (21), are 
shown in Fig. 4. The region around position 233 (the site of the Asp -> Gly 
change) forms successive beta turns, interspersed with short regions of random 
coils. The substitution of Gly appears to shift the location of the second beta 
turn, with loss of a downstream turn, reversal of the orientation of the extreme 
C-terminal region, and changes in local hydrophilicity. In contrast, the Asn 
Asp change at position 217 is located within a region of random coil and has no 




Fig, 4, Predicted secondary structure of the P protein. The secondary structure of the complete 
wild-type RSN-2 P protein, predicted by the method of Chou and Passman (321). is shown together 
with the C-terminal regions of the C15 and W6 P proteins, where the amino-acid substitutions affecting 
P protein mobility are located. The two regions where a beta-sheet structure is predicted are indicated 
on the structure plot. Polypeptide chain reversals represent the formation of beta-turns. The number 
of predicted beta-turns in the extreme C-terminal region of the RSN-2 and W6 P proteins, downstream 
from the site of the W6 amino-acid change, is also indicated (5 and 4, respectively). 
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effect on the predicted secondary structure. Conversely, although two substantial 
changes in structure (not shown) were predicted by the Ser Gly change at 
position 94 and the Leu Ser change at position 192 (Table 2), there were no 
apparent changes in electrophoretic mobility of the in vitro translated P protein 
of cDNA clone N19. Consequently changes in the eilectrophoretic niobility of the 
P protein cannot always be associated with changes in secondary structure, at 
least as predicted either by the Chou and Fasman algorithm [or by Garnier plots 
(data not shown)]. 



Discussion 

The consensus sequence of the RSN-2 strain derived by amplification of cDNA 
obtained by reverse transcription has established that the extent of the sequence 
variation between two RS viruses classified in antigenic subtype B is of the same 
order as that among several subtype A strains, confirming the genetic divergence 
of the two subtypes. 

The slower electrophoretic mobility of the P protein of mutant tsNl was attrib- 
uted to replacement of an uncharged Asn in the wild type by an acidic Asp in the 
mutant, since the P protein expressed in vitro from a tsNl -derived cDNA clone 
containing this change comigrated with the authentic tsNl P protein. The replace- 
ment of an acidic Asp residue by an uncharged Gly (in the W6 P protein) had the 
reverse effect, i.e., increasing electrophoretic mobility. Corresponding mobility 
shifts were observed in the Pi„i acidic C-terminal fragment, which, like the intact 
P protein, also migrates anomalously in relation to its molecular weight. This may 
indicate that the C-terminal region is exposed on the surface of the P protein and 
is at least partially responsible for the aberrant electrophoretic mobility of P. 

Alterations in electrophoretic mobility due to single amino-acid differences 
have been described also for the phosphorylated NS protein of the New Jersey 
serotype of VSV (22). Two different point mutations, both involving loss of an 
acidic residue, were identified within the acidic N-terminal domain of the NS 
protein. Replacement of a wild-type Glu residue by Lys in mutant tsEl resulted 
in faster migration of the NS protein, whereas a Glu Gly substitution at an 
adjacent site in mutant tsE3 also produced a more rapidly migrating NS protein. 
In the latter case, the mobility shift was less than that associated with mutant ts 
El where the acidic residue was replaced by a basic residue. Both changes re- 
sulted in alterations to the predicted secondary structure, whereas in the case of 
the RS virus P mutants, it was not always possible to correlate amino-acid 
changes with structural effects. 

In nonsegmented negative-strand RNA viruses, the analysis of the function of 
viral proteins by site-directed mutagenesis is as yet not a generally applicable 
technique. However, in certain circumstances the random sequence variation 
generated in the course of obtaining clones of viral genes by PCR amplification 
of reverse-transcribed virion or viral mRNA can be utilized in the study of viral 
gene products. 
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Some of the structural properties of the nucleocapsid-associated phosphopro- 
teins of rhabdoviruses and paramyxoviruses can be studied in this fashion be- 
cause these proteins migrate anomalously in SDS-polyacrylamide gels in relation 
to their actual molecular weights. Consequently mutations affecting mobility can 
be identified and evaluated by in vitro transcription/ translation, as described 
above. In principle, epitope mapping could also be carried out by this approach. 
Indeed, the Gly -> Ser substitution at position 172 in the P protein of the RSN-2 
strain of RS virus has been found to abolish reactivity with a specific anti-P 
monoclonal antibody (manuscript in preparation). 
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